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[57] ABSTRACT

Method for providing a patterned thin film on a flexible
web-like substrate having at least one surface. A pat-
terned release coating which carries the desired pattern
is deposited on the surface and has openings therein
through which the surface of the substrate 1s exposed. A
thin film is deposited over the patterned release coat
and onto the portions of the surface exposed through
the openings. The patterned release coating is then
removed mechanically along with the thin film portions
carried thereby to provide a patterned thin film on the
substrate. The mechanical removal may be accom-
plished by advancing the coated substrate through a
solvent while brushing the substrate, subjecting the
substrate to high velocity air, or contacting the sub-
strate with the adhesive layer of a web. -

5 Claims, 3 Drawing Sheets
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- METHOD FOR MAKING PATTERNED THIN
FILM

This invention relates to a method for making a pat-
terned thin film, and more particularly, to a method
which is particularly applicable to flexible films which

utilize patterned release layers.
In the past, patterned thin films have heretofore been

provided, particularly in the semi-conductor industry in 10
which patterning has been accomplished by the use of

positive and negative photoresists. Typically, the mate-
rial being patterned has been laid down as a layer and
thereafter photoresists have been placed on the latter
and exposed through a mask. The photoresist is thereaf-
ter developed to expose certain predetermined areas.
An etchant is utilized to remove the undesired material
in those predetermined areas in the layer. The photore-
sist 1S thereafter stripped to provide the pattern. In cer-
tain applications where it is desired to provide large
areas of patterned. thin films, such a method is uneco-
nomic. There is therefore a need for a new and im-
proved method for producing a patterned thin film and
particuiarly one which can be carried on a flexible web-
like or sheet-like substrate.

In general, 1t 1s an object of the present invention to
provide a method for making a patterned thin film
which i1s economic. |

Another object of the invention is to provide a
method of the above character which utilizes a pat-
terned release coat laid down onto the flexible web.

Another object of the invention is to provide a
method of the above character in which wet stripping
can be utilized to remove the release coat.

Another object of the invention is to provide a
method of the above character in which dry stripping
" can be utilized to remove the release coat.

Additional objects and features of the invention will
appear from the following description in which the
preferred embodiments are set forth in detail in con-
junction with the accompanying drawings.

FI1G. 1A through 1E show the steps utilized for pro-
ducing a patterned thin film utilizing wet stripping.

FIGS. 2A and 2B show the steps utilized for provid-
ing a patterned thin film utilizing dry stripping.

FIG. 3 1s a schematic illustration of an apparatus
utilized for accomplishing wet stripping.

FIG. 4 is a schematic illustration of an apparatus
utilized for dry stripping.

FIG. 3 1s a schematic illustration of the apparatus for
an alternative method for dry stripping.

In general the method s for producing a patterned
thin film on a flexible web-like substrate having at least
one surface. The method comprises the steps of deposit-
ing a patterned release coat on the one surface with the
release coat carrying the desired pattern. The release
coat is provided with openings therein through which
the surface of the substrate is exposed. A thin film is
deposited over the patterned release coat and onto the

portions of the surface exposed through the openings. 60

The release coat is then removed with the portions of
the thin film deposited thereon by either a wet stripping
or dry stripping process so that there only remains on
the substrate the thin film portions deposited on the
surface of the substrate.

More particularly as shown in FIGS. 1A through 1E
of the drawings, a patterned thin film process or a
method for forming a patterned thin film utilizing wet
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stripping is shown. The web or substrate 11 shown in
FIG. 1A 1s provided with upper and lower surfaces 12
and 13 and 1s formed of a flexible sheet or web of mate-
rial often called a film having a suitable thickness as, for
example, 3 ml to 5 mils formed of a suitable plastic such
as a polyester, a polycarbonate, polyvinyl chloride or a
polyamide. The web or substrate 11 can also be formed
of a cellulose material such as paper or cloth and also
can be formed of a woven fabric. This substrate 11 can
be substantially transparent or can be provided with a
color if desired. As hereinafter described the material 11
typically can be provided in roll form.

A patterned release coat or coating 16 i1s applied to
the surface 12 of the substrate 11 by use of a standard
printing technique such as rotogravure or a flexogra-
phy. The release coating 16 is applied in a pattern so
there are provided openings or holes 17 through which
the surface 12 is exposed.

Depending upon the process utilized for stripping as
hereinafter described, the material of which the release
coating 16 1s made is selected. Thus, if a water soluble
release coat is desired, a suitable commercially available
matenal such as a water soluble polyvinylpyrolidone is
provided Typically this material is deposited to a thick-
ness ranging from 0.2 to 2 mils. Where it is desired to
utilize a solvent other than water, the release coat 16
can be formed of other materials such a wax, acrylic
polyamide, polyamide, urethane or epoxy which are
dissolved in organic solvents such as methylethyl ke-
tones, acetones, alcohol and the like. The release coat
may be designed so that it has good mechanical adhe-
sion to the substrate but poor mechanical adhesion to
the thin film coating 21. Alternatively, it can be an
insoluble coating with poor mechanical adhesion to the
substrate, but good mechanical adhesion to the thin film
coating 21.

After the release coat has been deposited as shown in
FIG. 2A, a thin film coating 21 is deposited over the
release coat 16 and into the openings 17. The thin film
21 can take various forms. For example, it can be a thin
layer of metal, as for example, stainless steel, titanium or
aluminum. Assuming that the metal is to have a func-
tional purpose, the metal typically is deposited to a
thickness where it is opaque. For stainiess steel and
other metals this typically is approximately 700 Ang-
stroms. If a transparent thin film 1s desired, a layer of
suitable material such as titanium oxide may be utilized
having a thickness of approximately 500 Angstroms.
Typically, the thin film coating can be deposited in a
suitable manner, as for example, in a vacuum chamber in
a roll coater in a manner well known to those skilled in
the art. The thin film coating may have any number of
optical, electrical or chemical barrier properties as de- -
sired by the end user of the patterned thin film. Thus,
the thin film coating can be 1n the form of an interfer-
ence film formed of multiple layers, for example, as
metals and dielectrics in a manner well known to those

skilled 1n the art.

After the thin film coating 21 has been applied, the
web or substrate 11 carrying the thin film coating can be
advanced into or placed in a stripping apparatus 24 as
shown in FIG. 3. The stripping process utilized in the
apparatus 24 is dependent upon the type of release coat-
ing applied. For example, if the release coating 16 is of
a soluble type, then the substrate 11 is advanced into a
trough or tank 26 containing a liquid solvent 27 which
may be water when the release coating 16 1s soluble in
water. For other release coatings not soluble in water
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other solvents of the type hereinbefore described can be
utilized. With a soluble coating material the solvent
enters the openings 17 in the release coating 16 and
dissolves the release coating 16 underlying the portions

21a of the thin film coating 21. Thus the portions 21a of 5

the thin film coating 21 overlying the release coat can
be removed from the substrate 11.

In the typical stripping apparatus 24 shown in FIG. 3
the web or substrate 11 1s carried by unwind and rewind
reels 31 and 32. The flexible substrate or web 11 passes
from the rewind reel 31 over a rolier 33 and then below
a roller 34 which is immersed in the solvent 27 carried
within the tank 26. The web 11 then passes from the
roller 34 below the roller 36 and remains in the solvent
27 for a sufficient period of time so that the solvent can
dissolve the release coating 16 to permit the portions
21a of the thin film carried by the release coating 16 to
be separated from the web or substrate 11. Thereafter,
the web passes over a roller 37 and is rewound onto the
rewind reel 32. ,

Means is provided for recirculating the solvent 27 in
the tank 26 and consists of piping 41 connected to the
outlet from the tank 26 and connected to a circulation
pump 42 which is connected by piping 43 to the inlet of
the filter 44. The output of the filter 44 is connected by
piping 46 to the inlet of a heater 47. The outlet of the
heater 47 is connected by piping 48 to the inlet to the
tank 26. Thus it can be seen that means is provided for
filtering the solvent as it is recirculated. in addition, it
can be seen that, if desired, the solvent can be heated to
a desired temperature to facilitate the removal of the
release coating.

If additional activity is required in order to cause the
separation of portions 21a of the thin film carried by the
release coating 16, agitation in the form of a mechanical
agitation provided by suitable means such as ultrasonic
transducers 31 located in the bottom of the tank 26 can
be utilized for agitating the solvent 27. In addition, a
mechanical brush agitator 52 can be provided adjacent
the roller 36 to engage the exposed surface of the web
or substrate 11 to ensure that the portions 21a of the thin
film coating 21 carried by the patterned release coating
16 are separated from the web or substrate 11. Also jets
of solvent 27 can be provided when needed to and in the
separation process. The jets can be provided by a spray
nozzle 54 supplied with solvent from a high pressure
pump 56 converted into the piping 48. Before the web
or substrate 11 1s wound onto the rewind reel 32, the
web can be dried by suitable means such as a pair of
dryers 57 disposed on opposite sides of the web 11 to
dry the same prior to the web travelling over the roller
37. |

After the portions of the thin film 21 carried by the
release coating 16 have been separated from the sub-
strate 11, a completed product or article 61 is provided
as shown 1n FIG. 1E in which there is provided a pat-
terned thin film 21 disposed on the surface 12 and adher-
ent thereto. The pattern provided by the thin film is
determined by the pattern of the release coat 16. This
pattern can take any desired configuration. Thin film
patterns can be obtained with the relatively simple pro-
cess of the present invention in which a patterned re-
lease coating determines the pattern of the thin film.

If the release coating utilized in the method shown in
FIGS. 1 through 5 is of a type which is to be removed
by dry striping, apparatus 64 of the type shown in FIG.
4 can be utilized. As shown in FIG. 4, the web or sub-
strate 11 is unwound from an unwind reel 31 onto a
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rewind reel 32 and passed over the rollers 33, 34, 36 and
37. However, rather than passing through a solvent
tank 26, the web is advanced through a stnpping tunnel
66. A high pressure fan 67 is provided for delivering air
under pressure at one end of the stripping tunnel 66
opposite the direction of movement of the substrate or
web 11. The air serves to remove the portions 21a of the
thin film carried by the release coating 16 which has
poor mechanical adhesion to the substrate, whereas the
thin film has good adhesion to the substrate 11. This
separated matenal 1s filtered out in a filter 68. If desired,
additional vibration can be imparted to the web during
the time 1t 1s traveling through the stripping tunnel to
help ensure that the portions 21a of the thin film carried

by the release coating are separated from the web or

substrate 11.
In the event it is undesirable to utilize mechanical

agitation to remove the thin film portions 214 from the
web or substrate 11, a dry stripping apparatus 59 shown
in FIG. § can be utilized. The web or substrate again
carried by the unwind and rewind reels 31 and 32 and

- passes over rollers 33, 34, 36 and 37. A web 61 is pro-

vided which has an adhesive 62 formed on one surface
thereof. The web 61 can be carried by unwind and
rewind reels 66 and 67 and can pass over rollers 67, 68
and 69 in passing from the unwind reel 66 to the rewind
reel 67. The roller 68 is positioned in close proximity to
the roiler 36 so that the adhesive side of the web 61
comes into contact with the thin film portions 21a car-
ried by the release coating 16. The thin film portion 21a
becomes adherent to the adhesive 62 carnied by the web
61 as shown i1n FIG. 2A. The adhesive utilized on the
web 61 can be of any suitable type, for example, it can
be a pressure sensitive adhesive, thermally activated
adhesive or a radiation sensitive-type adhesive activated
by ultraviolet or electron beam radiation.

Continued travel of the web 61 and the substrate 11
causes separation or delamination of the release coating
16 and the substrate 11 and permits the patterned release
coating 16 to be carried with the portions 214 of the thin
film coating as shown in FIG. 2B so that there remains
the substrate 11 with the patterned thin film 21 on the
same. In this way it can be seen that all the portions of
the thin film not adhered tightly to the surface 12 of the
substrate 11 will be removed. |

From the foregoing it can be seen that there has been
provided a process or a method for providing a pat-
terned thin film carrnied by a flexible substrate. The
process by utilizing a patterned release coating makes it
relatively easy to provide relatively large quantities of
the patterned thin film by the use of roll coaters carry-
ing flexible webs or substrates.

What 1s claimed is:

1. In a method for providing a patterned thin film on
a flexible substrate having a surface, forming on said
surface a patterned release coat which carries the de-
sired pattern and having openings therein through
which the surface of the substrate is exposed, depositing
a thin film over the patterned release coat and onto the
portions of the surface of the substrate exposed through
the openings and removing by mechanicali means the
undesired thin film portions carried by the release coat
so that there remains portions of the thin film deposited
on the substrate to provide a patterned thin film on the
substrate, the step of removal by mechanical means
being accomplished by the steps of advancing the sub-
strate through a solvent and mechanically brushing the
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substrate during the time the substrate is being ad-
- vanced through the solvent.

2. A method as in claim 1 further including the step of

subjecting the solvent to vibration.
3. A method as in claim 1 together with the step of
drying the substrate after it has been advanced through

the solvent.

4. In a method for providing a patterned thin film on
a flexible substrate having a surface, forming on said
surface a patterned release coat which carries the de-
sired pattern and having openings therein through
which the surface of the substrate is exposed, depositing

>
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strate to high velocity air and separating the removed
thin film portions from the air.

5. In a method for providing a patterned thin film on
a flexible substrate having a surface, forming on said
surface a patterned release coat which carries the de-
sired pattern and having openings therein through
which the surface of the substrate is exposed, depositing
a thin film over the patterned release coat and onto the
portions of the surface of the substrate exposed through
the openings and removing by mechanical means the
undesired thin film portions carried by the release coat
so that there remains portions of the thin film deposited
on the substrate to provide a patterned thin film on the
substrate, the step of removal by mechanical means

a thin film over the patterned release coat and onto the 15 “being accomplished by the steps of providing a web

portions of the surface of the substrate exposed through
the openings and removing by mechanical means the
undesired thin film portions carried by the release coat
so that there remains portions of the thin film deposited
on the substrate to provide a patterned thin film on the
substrate, the step of removal by mechanical means
being accomplished by the steps of subjecting the sub-

20

having an adhesive layer carried thereby and advancing
the web with the adhesive layer facing the thin film
carried by the substrate: into engagement with each
other and then causing the web with the adhesive
thereon to be separated from the flexible substrate so
that the adhesive carries with it the undesired thin film

portions. |
x x® x * *
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